Brettanomyces bruxellensis is the main wine spoiler yeast all over the world, yet the structuration of 24 the populations associated with winemaking remains elusive. In this work, we considered 1411 wine 25 isolates from 21 countries that were genotyped using twelve microsatellite markers. We confirmed that 26 B. bruxellensis isolates from wine environments show high genetic diversity, with 58 and 42% of 27 triploid and diploid individuals respectively distributed in 5 main genetic groups. The distribution in 28 the genetic groups varied greatly depending on the country and/or the wine-producing region.
Introduction
Brettanomyces bruxellensis is one of the most infamous wine spoiler yeast, able to contaminate up to 42 25% of red wines [1, 2] . Indeed, B. bruxellensis is known to produce specific compounds like volatile 43 phenols, associated with unpleasant aromas, usually described as "horse sweat" or "leather" [3] . The 44 contaminated wines have tainted organoleptic perception, decreased fruitiness [4, 5] and 45 consequently are rejected by the consumers [6] .
46
An important bibliography is dedicated to the B. bruxellensis species, with 100 to 200 papers published each year of the last decade (source: Google Scholar). Many papers investigate volatile 48 phenol production [7] [8] [9] [10] , the biotic and abiotic factors impacting B. bruxellensis growth [11] [12] [13] [14] [15] and 49 some peculiarities of the species like the ability to survive in the VNC (Viable Non Culturable) state 50 [7, 16, 17] or the specific oxygen needs during fermentation [18] . Moreover, different detection and 51 quantification methods for Brettanomyces, ranging from direct plating methods through molecular 52 detection and flow cytometry analysis, were examined (see Tubia et al., 2018 for review [19] [25, 26] , etc. In the wine industry, most of these genetic analyses revealed high diversity 58 within the species, at the vineyard, in the winery or at sample levels [8, 23, [27] [28] [29] 
Material & Methods

80
Yeast strains and microsatellite genotyping
81
We used 1411 isolates of B. bruxellensis associated with the wine production from 21 countries (S1 82  Table) . Agar-YPD medium containing 10 g.L−1 yeast extract (Difco Laboratories, Detroit M1), 10 83 g.L−1 bactopeptone (Difco Laboratories, Detroit M1), 20 g.L−1 D-glucose (Sigma-Aldrich) and 20 84 g.L−1 agar (Sigma-Aldrich) was used for day-to-day growth. All isolates were kept at -80°C in isolates' set is represented as a minimum spanning tree (Fig 1) . These isolates belong mostly to the 5 105 previously described genetic groups ( Wine 3N group (Fig 2A) . In non-European countries (Fig 2B) , the genetic distribution of B. When summing-up all these regional specific distributions, some trends emerged: the Wine 2N 165 years after bottling (S1 Table) .
166
The genetic distribution of B. bruxellensis strains in wines older than one century, with 20-years 167 intervals, is shown on Fig 3. performed (re-sampling of the population). Error bars correspond to 95% confidence interval.
186
The same B. bruxellensis genotypes can be identified in wines produced in a given cellar over 187 decades
188
We then focused on B. bruxellensis clones. In this paper 'clones' will be defined as genetically 189 identical isolates for all 12 microsatellite markers tested. Over the 1411 isolates, 138 groups of clones 190 were identified, encompassing 2 to 114 isolates. We searched whether some clones were identified 191 repeatedly in the same winery over different vintages. Forty-two groups of clones contained isolates 192 isolated several times in 11 wineries from France and Italy (Fig 4) . For example, in winery A1, 9 clone 
204
Genetically identical isolates were designed as clone group. 42 groups gathering clones isolated from 205 the same winery over different vintages were identified, corresponding to 11 wineries from France and 206
Italy. Same colors as in Fig 1 for each Since some clones were able to persist over several years in the cellar, we searched whether wine-216 producing regions were associated with specific clones. No 'signature' was identified, meaning that no 217 specific genotypes were associated with the studied regions. Instead, we found that some clone groups 218 were highly disseminated. For example, the clone group n°16 (Wine 2N, darkcyan) encompassed 96 219 isolates from Denmark, France, Portugal and USA ( Fig 5A) . Another example is clone group n°67 (6 220 isolates), isolated in wines from Italy, Portugal and South Africa. In the other genetic groups also,
221
several examples of dissemination were found ( Fig 5B) : the clone group n°24 (red Wine 3N) 222 encompassed 29 isolates from France, Italy and USA, while clone group n°35 were found in France,
223
Italy and South Africa. In order to quantify the level of clonal dissemination, we computed the kilometric distance separating 230 the different isolates belonging to a given clone group (Fig 6) . 88% of clone pairs were localized in the 231 same region, with kilometric distance inferior to 100km ('local clone pairs'), of which 34% had 232 distance inferior to 1km. 4% were separated by ~100-750km, usually associated with inter-country 233 distances, less than 1% were distant of ~750-1000km (intra-continental distances), and 6% were 234 separated by more than 1000km (inter-continental distances). It has to be noted that all isolates were 235 considered here, including clonal isolates from the same wine samples that may drift the distribution 236 toward zero kilometric distance. Thus, B. bruxellensis clones appear to mainly disseminate in short 237 distances while a significant proportion of them showed high geographic dispersal with distances 238 incompatible with natural dispersion. In this work, we studied the genetic diversity and structuration of a large collection (>1400) of wine 247 isolates of B. bruxellensis, from 21 countries across 5 continents. Most of these wine isolates belong to 248 five of the six genetic groups previously described at the species level [38] , and confirmed the high 249 genetic diversity of this yeast species [23, 27] . Interestingly, we showed that the distribution of 250 B. bruxellensis wine isolates varied greatly from one country/region to another. For some regions, 
316
Winemaking environments may have supported the existence of specific selective pressure favouring 317 the retaining of fitter allotriploid individuals and their progressive proliferation in the last decades.
318
Indeed, competition experiments between tolerant and sensitive strains showed that the former 319 outcompeted the latter in high SO 2 concentrations [41] . Altogether, our results suggest that 320 independent allotriploidisation events in B. bruxellensis may have allowed diversification and 321 subsequent adaptation to winemaking practices.
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